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An Automated Cloud Observation System (ACOS)

I, INFRODUCTION

The USAEF Ailr Weather Service (AWS) has vrecognized the need to modernize its
hasic weather support capabilities,  The Automated Weather Distribution System
CAWDS) Multi ~Command Required Operational Capability (ROC 801-77) calls, in
part, for a fullv aatomated aivfield weather observing and short range forecasting
canability at both fixed -base permanent airtields and at bare-base tactical or
ernporary airftelas, Inoresponse to these USAEF requirements, the Air Force Geo-
physics Laboratory (ARG developed a low -cost, fully automated microcomputer -
ba~cd sv<ten, MAWS (Modular Automated Weather Svstem), The two-year test of
MAWS o Scors AED temcastrated and provided sutficient evidence that the require -
vent o beoaatistie o,

Inberent an an Yan automated atrfield obscervation svatem is a satisfactory solu-
fon to the tandas eatal clond base herght observation from the rotating -beam ceilom -
ctes (RBOY The raabrlity 1o achieve tally satistactory automated processing of the
REBC <iomal W ome of the shortfalls of the MAWS demonstration,  Subsequent

it
to the Scott MAW S denon=teation, Wevman and Lvach™ have developed and

(Received for pubhication 16 December 1980)
1. Chisholm, D. A, Lanch, RyHL, Wevman, J.C,, and Geisler, F,B. (1080) A
Demonstration Pest of the Modular Automated Weather Svstem (MAWS),
TXTGT.TRSRN Ty, AD X087070,
2. Wevnian, O, and Lvneh, RO (1081 A Digital Processing and Display
Svster o the Rotating Beam Ceilomefer (ANTGNMQ-13Y, in preparation
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tested hardware and software refinements which have successfully solved this
problem,

The purpose of this study is to develop objective procedures to specity cloud
base height(s), low cloud amount categories, and cloud ceiling by expanding upon
the basic processing procedures previously developed, 2 The approach taken velies
on the methodology initially developed by Duda et al'g and applied by the National
Weather Service in their test of the Aviation Automated Weather Observation
System (AV -AWOS), 1 The AV -AWOS test showed good agreement between auto -
mated and human cloud observations.  The auwtomated vialues were obtained from a
trigugular arvay of RBC's T miles apart while the human obscrvations were obtained
near the triangle's center point,  In the tests conducted here, the average length of
the triangle legs is about 1.5 miles, This smaller RBC network, deploved at the
AFGL Weather Test Facility (WD) at Otis AFB, Massachuscetts, allowed a further
test of the hierarchial clustering algorithm constrained Lo a typical airfield environ-
ment. This report documents a 7-month test of AFGL's Automated Cloud Observa-

tion Svstem (ACOS) based on comparisons between ACOS and human observations.

2. HUMAN CLOUD OBSERVATIONS

Federal Meteorotogical Handbook No., 1 (FMH—])n delineates the procedures to
be used in formulating a weather observation, including detailed instructions re-
lating the state or appearance of the sky-to-skv cover by clonds and/or obscuring
phenomena, It = ates "a complete evaluation of skv condition includes the type of
clouds or obscuring phenomena present, their stratification, amount, opacity,
direction of movement, height of bases, and the effect on vertical visibility of
surface -based obscuring phenomena’,

The human observer who must desceribe the state of the sky has a most difficult
rask. An obscrver must identifv cloud lavers, estimate the height of cach laver,
determine the percentage of skv cover, and identifv the tvpe of cloud present,  In
addition, the obscerver must determine the amount of skv not visible due to surtface-
based obscurations and the vertical visibility in the obscuring phenomena,  There
are several limitations an observer has to work with.,  Frequently, the observer's

view of the horizon is limited by phyvsical obstructions such as an airport terminatl

3. Duda, R.0O., Mancuso, R.IL.., and Paskert, P.F, (1971) Analvsis of Techni-
ques for Describing the State of the Sky Through Automation, Report No.
FFAA-RD-TT-52.

4, Bradlev, Jd., lLefkowitz, M., and Lewis, R. (1979) Aviation Automated Weather
Observation Svstem (AV-AWOS), Report No., FAA-RD-79-63.

5. NOAA-National Weather Service (1970) Federal Meteorological Handbook No. 1,
Surface Observations, U. S, Governmoent Drinting Office,




and other buildings. The cloud height measuring device (RBC) is often a mile or
more from the obe :rver's location. Hence, the observer is required to determine,
through visual observation, the representativeness of the cloud height measure -
ments in the overall observing area. 'The subjectivity of the process results in a
natural variability in cloud observations among observers. While visual acuity,
depth perception, and fatigue level play important roles, the so-called packing
effect is a substantial contributor to this variability., Here the observer mistakenly
incorporates vertical development of ¢louds into the cloud base extent resulting in
an inflated estimate of cloud amount(s), This inhervent variability in human cloud
observation needs to be recognized in the evaluation of objective and automated
techniques.  Total replication of human observations should not be anticipated nor
sought.

The human obscrvations usced in this studv were taken by FAA operational per-
sonnel located at the opposite side of the airtield on Otis AFB, approximately t mile
from the AFGL WU, Supplemental observations, specifically for the purposes of
this studv, were not obtained due to manpower cost constraints,  Rather, we relied
on the observations routinely obtained as required by FAH-1, transferred them to
computer compatible form and used them in the comparative analysis,  Since the
RBC is not intended to measure the extent and depth of obscuring phenomena nor to
identify cloud type, the automated technique developed and tested in this study was

limited to cloud height(s), tow cloud amount categories, and cloud ceiling.

3. CLOUD INSFRUMENTATION

3.0 Rotating Beam Ceilometer

The standird AW S cloud-height set (AN7GMQ-11) was wsed for basic data ac-
qaisition in these testse It consists of o two-lamp projector system, o receiver,
md i oscilloscope indicator. The projector has a dual tungsten filament projection
svatem, mechamoeally modulated at 120 Hz, and continuously votated ot 5 rpm. The
recen er 1= typically set A00 £ from the projector with its ficld of view vertical and
coplynar witn the rotating projector beams, Fhe voluime of intersection moves
npward s cach projector beam scans to the vertical. When the volumie interscets
wcloud, backsciatter of the projector beam by particles in the cloud 1s detected by
the receiver ant displaved on the indicitor i the form of a height vs intensits de-
piction,  he projector angle at which the maximum backscuatter return ococurs
vields the eloud height., Because of known sensor and trigonometric limitations and
After an dasscessment of basic RBC data obtained ot Otis WTE, cloud heights in our

test~ were Innrted to measurements up to 6000 teet,




in our experiments, both lamps from cach RBOC were used resulting in en
separate cloud height souns per minute. Two pleces of informution were extrocted
from ech sean, the primary or maximum veturn and the secondary peak. parhier
studivsz pad demonst pated, that when present, the sceondaty peck cian he oxtrocted
from the v RIC signal. Under conditions of vit piable cloud lavers, it oy repres
sent useful information in support of aircraft ope rations and therefare should be
nsed,  One aspect of oupr study was ro determine whether ob not this secondary peck

adds any significant information in {he determination of cloud buase hepht e vell

ing.

W oe will address this in Scection 6.

3.2 Network Spacing

Figure 1 depicts the network of RBU'S uscd in this study.  They are sepurated
by distonees ranging from ander 1 wile tv over 2 miles. T ol the RBC's are
tocated ut opposite ends of the primary runway on Otis AU Gunway 05-23) with
the thicd one A the AVGL Wy, AS stated befores this RBU Tavout allowed us to
toest the clusterving technique ina by pienl airficd veal estate configuration and to
determine therein the additive utidity of multipte RBCS in speoitying cloud charue-
toristies, Note Also the locution of the FAN Cont rol Tower from v hich the regular

clond obse pyvations were obtained.
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Vigure 1. Otis AR
N RBC Configuration

+. AUTOMATED CrLoup PROCESSING

4.1 Preprovessing

The initial prm't-ssing of RBC data was Aecomplished with the ALAW S-type data
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(CRBID were obtained mdependently from three RBC's at Otis and recorded on muag -
netie tape at AFGL. Each RBC lamp vields two CBH values per scan (five scuans
, per minute),  or cach scan of cach lamp, the magnitude of the peaks are roank

ordered .ind the two Lirgest peaks retained as CHBH's, listed s AMax) ond AMax? in
Tuble 1. Also, o -t mean CBH value 1s objectively determned tor eoch lamp

bosed on the five Masi values obtuined durmg the current minute and, an coertain

sitaations,

during the

obsceryvation obtained daring the previous

Ao adue of

1O0UO <rpmities & UBH wos not obtianca ant 75000 e = o0 second o Wies
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layers, the accumulated number of events up to and including the layver are used to
classify the cloud amount category tor the higher luyvers, Based an data collected
at Otis, we modified the AV -AWOS population proportions to 0,94, 0,51, and 0.85
as break points from clear to scatteved (8CT), scattered to broken (BKN) and
broken to overcast (OVC),  Figure 3 is an oxample of output of the clustering tech-
nique with cloud observations (heights and amounts) plotted at a 3-min inteeval Yor
over a 16-hr period. It clearly demonstrates the ability of the clust ring techn, que
to handle multipte faver and evolving cload conditions with Hutcoes interaalls
consistent and meteorologically sound,  [he correspon tite i o observatjons,
plotted wlong the time axis, demonstrate the automated technrjue's capability .
handle this complex situation,  In fact, the aucomated techiniaac aer HEed ooagor
changes (improvements) in cetling conditions well before the ban an obsery o ns
become oliicially recorded, particularly after darkness fell, Table 3 1s a0 oexaminee

of output ter ar ACOS observation,

NUMBER OF CLUSTERS 6 5 4 3 2 1

HEIGHT OF CLUSTER
NUMBER OF HITS

Figure 2, Example of Hieravchicad Clusteriog
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Table 3, ACOS Sample Qutpuat
Tin - (GALT) Cloud Obscervation
G Nept 181618 It ser 18 BKN 24 0OV C
80 Sept 1871621 11 8¢, 18 BKN 25 OV O
30 Sept 1871624 i S¢F 23 BRN 31 OVC
80 Sept 18/ 1627 1T BN 25 ONC
UNSent 1871630 TSCT 11 BRN 30 OVe
B0 Sept 18/ 1633 T80T 11 BRN 28 OV ¢
B0 Sept 15/ 1638 TSsCT 10 BKN 20 O\ C

5.0 DATA SETS

Cloud=h ight dita were collected trom March threu s October 1980, In o),
torty —one episodes were selected tor this experiment wita approximately 600 cam-
pirisons made between the qutomated and human observations,  No comparisons
vose mide betweo a the huaman and satomated obscrvations i oan obscuration was
rerorted B the §e in observer,  EFpisodes wore scelected which met the following
criteriaos (1) the «pisode length waoe ot Teast  hres in duration, (2) at least ance of
the three ifng as operating, and (8) scattered or more clouds below 600 ft were
reported by the FAA observer. Table 4 summarizes the relative frequencey distribu-

tion (REDY i the ctomated cloud obscervations for the torty-one cpisode data set.,
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. W hyle there were just under 600 human observations in the tull dota set, there
+ - . .

‘ were over 15,300 automated observations poncrated fron: the RBO dot..

!

Tabie 4. Nutomated Obseryiation Dot Relative
I requency Distribution (00 for Method Neo 12
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others one of them was not available at uny time, Of the forty-one episodes used,
only ten episodes (spanning 266 hrs of comparisons) included data from ull three
RBC's.

Table 5, Sample Sizes for Comparative
Analysis

Method Nuteber of Comparisans
1-5 D
t-10 V2

11-15 26 .

Questions 1 and 2 above were addressed using the < hset of anta for which o
ceiling condition (more thun 507 cloud cover below “Lut T wos actermined to
exist by either the FAA observer of the wutomated procedure (ACOS), Table v
lists the percentage of agreement realized by cach of the fifteen methods of grouping
cetlometer data (see Table 2 for description of grouping criterid,  Regarding the
comparison of individuitl scan data to T-min mean values note the ditfference be-
tween Method 2 vs 1, Tve 6 and 12 vs 11 The results suggest nothing hus been
lost by preprocessing cloud scun duta nto T-min mean values *or the clustering
algorithm.  Recall the algoritiim development has been structuared 1o use o« weighted
30 min of data te provide the possibility of 80 events occuring when I-min means
are emploved.,  This number of events en=ures campling stability consistent « ith
the recommendation of Duda ot ul, " These resuits confirm that stability, and
demonstrate only marginal additive contribution using the greatly increased number
of cvents in individual scan data, Results of Methods 2 and 3, 7 and 8, and 12 and
13 demonstrate secondary peak information does not contribute to improved specifi-
cation.  The slight decrease in agreement resulting from the "two-lamp” ulgorithms
as compared o analogous “one~lamp’ algorithprs (for example, alethod 5 vs
Method 3Y is probably veloted to Lump misalignment within one or more RBC's,

This ¢on result in cloud heights from the two lamps being sufficiently different to
alter the cloud amount deteemination in situations berdering on the threshold of o
ceiling condition (thut 1s, 3/10th cloud cover £ 0. 05),

One can assess the addiive effect to ceiling specification of multiple RBC's by
comparing results ucross any one row of Tuble 6. Fuor exaraple, Methods 1, 6 and
T ave all b osed on the use of T-min o mean cloud base height duta as provided by
the preprocessing procedure, - while Methods 5, 10 and 15 are based on the primary

and secondary peak values from cach scan.  In caceh instance, a slight increase an




agreement is realized by adding a second RBC und then o thied RBC, This suggests
that at airfields with two RBC's presently installed, both could be atilized with o
modest increase in confidence in automuted eloud observations,  bqually importont,

if not more so, automated cloud observations from o single RBC have been shown

to have substantial agreement with human obhservations under most weather situations.

This study hus demonstrated (confirming the carlior Yy - ANWON findings ), the addod
investment into u second or third cloud buse height sensor in the nomediate vieing
(within 2 to 3 miles) of un wirfield is not warranted for dutonmistec clovad Obsery o=

tion purposces except, perhaps, i anusually complex cloc o ceprne o e b tpons,

Tuble 6. tomnt Occurrence of ¢ ocrling Reoorts vl Coames)

‘ —
1-RBC 2RI - i R s
1)
e ——————— _1 P - ..& ..—___-:—-—._-_—~
MMethod Pereent Method Preocent Mothond l Pereont
1 ] v Gu. it oo
2 Gi. ; T " ‘ T
; Ga, “ Gh. s O
4 HALG n B, 14 T F
5 TR 1o RIE 13 i J

Figure 415 0 time series plot of o complex Tow clond epasode o the o AW
on 18=-1% September 10800 It demonstrated the carrespondence betacon, corlin
height determination 1= creater ot lower berpnts (below 3000 1) O oley tron g,

When the joint occurrence statistics shown i Cable ooove caonpited bo=ed anl o

cerlings below 000 't, tne percentige - e rea=e shout o 3 pereontng. oy

sUerap e, for eocio ol T et oS testedd, vhos e 2000 11 e hitterences e i o b
preater i tottne n oo obse i e v ng oot e ity s s naly extr ety tin
Ccorreet ol tlon e, gl eler tion caeles o exonanle, cbooe o s

nghe ditterens S corresnont to borge hedent e renoes.s NORC S fe s, e s 1t

clecroy v st e renresent e vepe -~ ol the clustorpre Sheorithns procodnee
tor et 2 amens g e te e,

o e s et e ieney o sttt ion ot Lo o g onne
catecortes bhaso fon e e vilies 1or v Too 2 e A-REBC anatons gtoud Do

fares o rhe B S obzervations, The wathin -taole per cnioe= e o "he satad
Sannies Phe aperesate o hagonal pereontages are show e o naventheses, P he
LOYE Colunn e roes also contain nercentapes of the ‘ol <ienple, Beoardloss o
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vs 10% above in the 1-RBC case). This impacts about 10% of the ceiling determina-
tions (for example, in the 1-RBC case, human observations denote ceiling condi-
tions 89% compared to T9% for the automated method)., The difference can be due

to deliciences in the method by which the automated procedure deduces cloud amount
Irom the frequency oi occurrence of cloud height data (or population proportions as
discussed in Section 4, 2),  Further refinement of the selected breakpoints between
cloud amount categories could be accomplished beyond the modification to the

AV -AWOS recommended values done in this study. For the purpose of this study,
however, additional refinement is not felt to be necessary. Conversely, the differ-
ences could be due to biases in the human observations caused by confounding cloud

patterns, contrast and illumination uncertainties (especially after darkness), or the

press of olier responsibilities impacting on the time spent preparing the cloud
observations, Note also that, for the cloud episodes used in this study, the human
observation data set contained 2% or less clear conditions below 6000 ft while 8% of
the automated observations indicated clear conditions. This can be attributed to

distant, lower level clouds beyond the range of the three RBC's but observable by

the tower personnel,
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Figure 4, Time Series of ACOS and Human
Observations (Ceiling)
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Table 8 shows the percent relative {requency distribution of the number of
cloud lavers below 6000 ft reported by the human observers and the automated pro-
cedures based on 1-min mean values (Methods 1, 6, and 11), Here again, we find
a tendency tor the automate 1 technique to underspecifv cloud conditions. Note in
the 1-RBC case, 25% of the observations fell below the diagonal indicating more
~loud lavers in the human observations than in concomitant automated observations
while onlv 159 fell above the diagonal., The relative distribution of the number of
cloud lavers, as reflected in the column and row totals is without the bias reflected
in the cloud amount category evaluation, Refer to Figure 2 for an example of the
meteorological consistency and representativeness of the automated cloud observa-
tions in a multi-lavered cloud regime,

The results in Tables 7 and 8 support the general finding presented carlier that
cloud specification is not improved substantially by adding basic cloud height infor-
mation from a second or third RBC in the immediate vicinity of the airfield. While,
in most situations, a second RBC's data will not contribute to specification improve-~
ment, for certain multi-layered and variable cloud conditions it will have a positive,

stabilizing cffect on the cloud characteristics determination,

7. SUMMARY AND CONCLUSIONS

Analvsis of cloud base height data collected during a seven-month period from
4 three RBC network on Otis AFBRB, Massachusetts, demonstrated the accuracy of
an automated cloud observing system.  The high degree of correspondence between
‘he automated and buman observations of cloud height, low cloud amount, multiple
loud lavers, and ceiling confirms the accuracy of the hierarchical clustering tech-
nique when applied to a network of RBC's confined to the immediate environs of an
airtield,  Fitteen methods of combining basic cloud-height data were formutated
an-i 1ested on data gathered for lortv-one episodes of extensive low cloudiness,
These tests demonstrated only slight improvements in automated cloud obscrvation
are realized by incorporating additional information from a sccond and third RBC
on or near an airfield. In addition, there is a non-significant difference in test
results when peak returns or multiple returns from individual cloud height scans
are used instead of 1-min mean cloud height data sets,  Based on comparisons with
operationally -obtained human observations, the automated techniques underspecify

cloud amount categories and the number of low cloud lavers by about 10-1. percent,
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It is concluded, based on thesce tests and earlier tests of the AV -AWOS system,

. that automated procedures based on hierarchical clustering vield stable, reliable

and representative standard cloud observations. The ability to successfully inter-

face the RBC and continuously process its output with a microprocessor-basaed ;
system has been demonstrated in these tests and earlier ones, 2 Whether uscd as
a basic stand-alone autorated cloud observation module or as a real-tinmie support
to human observens, modernization of the clowd observing function can be under-
taken, even with cxceptionally mature sensors like the RBC,
The hierarchical clustering technique is being integrated into the MAWS at the
AFGL WTE as a part of a continuing investigation of short range prediction svstems,
Specifically, an automated short-range forecasting (30 to 1820 min) experiment is
underway utilizing the automated obscervations as the development sample, Vore-

casts of cloud ceiling wiil be made in probabilistic and categorical format,
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Appendix A

ACOS Algorithm
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(11) Round cluster heights to:
Surface to 5000 ft: nearest 100 ft,
5000 to 6000 ft: nearest 500 ft.
(12) Sky cover shall be calculated by using the following criteria:
b (a) Cloud cover factor (RL) is calculated starting with the
lowest cluster (layer)
n

2. (Total Number of Layer Hits)
~ L=1
L (Total Possible Hits)

where n is the cluster order starting from the lowest layer,
For subsequent layers (L.> 1), the surnmation principal
from FMH-1 is applied,

(b) If less than five hits from all ceilometers, ""CLR BLO 60" is
stored,

(c) If R < 0.04, height and "'scattered" is stored,

(d) 1f R, < 0.85, height and "broken" is stored,

(e) If R, > 0.85, height and "overcast' is stored.

i (13) Cloud data is displayed as follows:

(a) Clear is printed if no clouds,

(b) 1If one layer, report it,

(c} If two or three layers, report them with only one
overcast layer,

(d) If there are more than three lavers, a total of
three layers is reported in the follc wing order:
(1) lowest scattered,
(2) lTowest broion,
t3) lowest over

(14) Generate a new bsorvation every minute,




